Objective: To evaluate the length of the interval between the onset and the initial management of bipolar disorder (BD).
The interval between the onset of bipolar disorder (BD) and initial management is important because early intervention might improve the prognosis or even prevent some cases. 1 Early intervention is a well-developed concept in the field of first-episode psychosis, where there are widely accepted definitions, reliable instruments for measuring the duration of untreated psychosis (DUP), 2, 3 and some consensus that earlier treatment is associated with a better prognosis. 4, 5 Research into the early phase of BD is less developed. Currently, there are no widely agreed on definitions of the onset and initial management of BD, and the effect of treatment delay on the outcome of BD is unknown. The onset of BD is difficult to define prospectively because early symptoms can include both depression and attenuated mania, which can be difficult to distinguish from normal fluctuations in mood. The age at initial management of BD is also hard to define, because patients might have had medication or counselling for a range of less severe mood disorders long before a firm diagnosis of BD is made, usually following the first distinct episode of mania.
A pooled estimate of the interval between the age of onset (AOO) of what was, in retrospect, recognized to be emerging BD and the age of initial management of the condition might help guide future research into the effect of treatment delay on prognosis. Early detection of BD might allow interventions based on symptom profiles, patterns of cognitive function, or biomarkers. 6 A better understanding of the extent of the interval between onset and management of BD might also help improve the performance of available mental health services by increasing the focus on early intervention and even prevention of BD. 7 We report a meta-analysis of the period of time between the AOO and the age of initial management of BD, referred to here as the interval. The term management is used rather than treatment, because the contact with services may have resulted in a range of interventions that often did not include specific treatment for BD. The aims of the study were to calculate a pooled estimate of this interval and to explore possible reasons for the variation in this interval between studies.
Methods
The methods are based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 8 Searches A systematic search of English and non-English (Italian, French, and German) language publications indexed in the electronic databases PubMed, Web of Science, and Psychology Behavioural Science Collection from inception to 31 July 2014 was conducted using the search string 'onset AND bipolar' in the title or abstract. The reference lists of relevant articles were handsearched to locate additional studies not identified by electronic searches. The authors of studies that appeared relevant were contacted and asked for unpublished data that met our inclusion criteria, including for the Pearson's correlation between the AOO and age at management in each included study.
Inclusion and Exclusion Criteria
Two investigators independently (A.P. and G.S.) screened the article titles and abstracts to exclude irrelevant studies, duplicate studies, other meta-analyses, reviews, case reports, and small case series (<3 subjects). Potentially relevant articles were independently examined in full text by 2 researchers (M.B. and J.D.) applying predetermined eligibility criteria. Where 2 or more studies reported overlapping samples, priority was given to the study with the largest samples size. An assessment of interrater reliability was made by calculating agreement around 10% of the screened titles and 248
The Canadian Journal of Psychiatry 62 (4) abstract articles (Cohen's k ¼ 0.90) and around 10% of the examined full texts (Cohen's k ¼ 0.83). Studies were included if they reported on cohorts of patients with BD, including BD I, BD II, and BD not otherwise specified; provided data on the mean AOO of BD (defined as the AOO of symptoms, the onset of mood syndromes, or an episode or illness onset); and provided data on the mean age of first management of BD (defined as age at first treatment, first diagnosis, or first hospitalization).
Studies were excluded if they reported mixed samples of bipolar and schizophrenia spectrum disorders or did not separate those disorders; reported the duration between the onset of BD and the initial management, without data regarding sample size, mean age, and standard deviation for both measures; were studies of affective psychosis; and reported on age-specific populations, such as older (>64 years) or younger (<14 years) patients.
Data Extraction
Two authors independently recorded the data using a proforma. Disagreements were resolved by further examination and by consensus.
The following data were extracted:
Sample size Mean age and standard deviation of indicators of the AOO of BD using the definitions provided in the primary research. When a study reported multiple data points indicating the onset of BD, first choice was age at first symptoms, second choice was first episode of mood disorder, and the last choice was AOO of disorder or illness. Mean age and standard deviation of indicators of the age of initial management of BD using the definitions provided in the primary research. Where studies reported multiple data points indicating the age of initial management, we used age at first treatment in preference to age at diagnosis, followed by age at first hospitalization.
The proportion of men in each sample
The year of publication of the study The proportion of patients with BD I The proportion of patients with substance or alcohol abuse Data points for a strength of reporting scale
Strength of Reporting Scale
A 5-point strength of reporting scale was adapted from items suggested by the Newcastle-Ottawa scale for assessing the quality of nonrandomized studies. 9 One point was awarded to studies that 1. restricted the definition of onset of BD to the AOO of symptoms or the AOO of episode of mood disorder, 2. provided AOO of initial treatment rather than age at diagnosis or first hospitalization, 3. used the life chart method or described another specific chronological method for assigning AOO and management, 4. used a structured interview rather than clinical assessment alone to confirm the diagnosis of BD, and 5. had a sample size of more than 30.
Meta-Analysis
A meta-analytical estimate of the standardized mean difference of the interval between the AOO and initial management was computed using a random-effects model. This interval was also calculated in years. Between-study heterogeneity was assessed using the I 2 statistic and Q value. A random-effects meta-analysis was chosen on an a priori basis for all analyses because of the differences in the samples and in the definitions used. Publication bias was assessed using an Eggers regression test and Duval and Tweedie's trim-andfill method. 10 All analyses were conducted using Comprehensive Meta-Analysis Version 3 (Biostat, Eaglewood, NJ, USA), and all significance testing used a 2-tailed test with a significance level of 0.05.
The contribution to between-study heterogeneity that might be explained by the 3 definitions of the AOO of BD and the 3 indicators of the age of initial management was examined in subgroup analyses. Further subgroup analyses were performed to examine the potential contribution of the way in which the diagnosis of BD was confirmed (clinically vs. using a structured diagnostic instrument) and how the chronology of the onset was determined (using a life chart or specified chronological method vs. a clinical method). A final subgroup analysis examined the contribution of strength of reporting to between-study heterogeneity (studies with a reporting strength score of 2 vs. those with a reporting strength of 3).
A mixed effects meta-regression model was used to assess the contribution to between-study heterogeneity in the interval between onset and management of the continuous variables of the proportion of males, the proportion of patients with BD I, the year of publication, and the mean AOO. Moderator variables that contributed to between-study heterogeneity at an a of 0.05 were included in a randomeffects multiple meta-regression model. Figure 1 depicts the literature search and the study selection process. Twenty-seven studies reporting on 9415 subjects in 51 separate samples were included in the meta-analysis (Table 1) . Differences in data extraction were found in relation to the effect size in 4 of the 27 studies: these differences were resolved by further examination and consensus.
Results

Searches and Data Extraction
Meta-Analysis
The pooled interval between the onset of BD and initial management was almost 6 years (5.8; 95% confidence interval [CI], 4.8 to 6.8). There was very high between-sample heterogeneity (Figure 2 , Suppl. Table S1 ). There was some evidence of publication bias towards samples that reported a longer interval (Egger's regression, intercept ¼ 3.18, t ¼ 4.84, df ¼ 49, P < 0.0001; Suppl. Figure S1 ). Duval and Tweedie's trim-and-fill analysis (6 studies trimmed to the right of mean and correction of point estimate to .46; 95% CI, .37 to .55) suggested publication bias had inflated the pooled effect size by 16%.
Differences in the definition of AOO made a significant contribution to between-sample heterogeneity. Samples reporting the AOO defined by the AOO of an episode of BD reported a longer interval between onset and initial management of BD than studies reporting first symptoms. Studies that reported the onset of symptoms had a longer interval between onset and management than studies that used less-well specified definitions of illness onset (Suppl . Table S1 ). Post hoc testing found significant differences between all 3 groups.
Differences in the definition of age at first management also made a significant contribution to between-sample heterogeneity. Studies reporting age at first diagnosis reported a longer interval than studies reporting first hospitalization. Studies reporting age at first hospitalization reported a longer interval than those recording age at first treatment (Suppl . Table S1 ). Post hoc testing found significant differences between all 3 groups. '' **Exclusion of irrelevant studies, duplicated studies, other meta-analyses, reviews, case reports, and small case series (<3 subjects). ***Studies not reporting mean age, standard deviation, and sample size for age at onset and management of bipolar disorder; studies with mixed samples of bipolar and schizophrenia spectrum disorders; studies with overlapping samples (priority was given to studies with the largest samples size reported on an age-specific populations, such older [>64 years] or younger [<14 years] patients); and studies reporting only measure of onset or measure of initial management (only studies presenting both measures were included).
250
The Canadian Journal of Psychiatry 62(4) The group of studies that used a defined method, such as a life chart approach, to ascertain the chronology of the onset of BD reported a longer interval between onset and management than studies that did not specify how the chronology was ascertained. A life chart is a systematic collection of retrospective and prospective data on the course of illness and its treatment recorded by a patient or a clinician that allows the monitoring of the illness course. Neither the method used to confirm the diagnosis nor overall reporting strength were found to have contributed to between-study heterogeneity (Suppl . Table S1 ).
Meta-regression found that samples with an earlier mean AOO had a longer interval between onset and management. Samples with a later mean age at initial management did not have a longer interval ( Table 2) . Studies with a higher proportion of BD I subjects tended to have a shorter interval between the onset of BD and management while more recently published studies reported a longer interval ( Table 2 ). The proportion of males and the proportion of patients with substance or alcohol use disorder did not contribute to between-study heterogeneity. Figure 2 . Random effects meta-analysis of the interval between age at onset and age at management of bipolar disorders.
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Multiple meta-regression (Suppl . Table S2 ) model suggested that independent contributions to between-study heterogeneity (resulting in a longer period between onset and management) were made by samples that used a chronology method, used age at first diagnosis as the indicator of management, had a younger mean AOO, had fewer BD I patients, or were from more recently published studies. This model explained 63% of the observed between-study variance.
A second multiple meta-regression model was performed that excluded the use of AOO because of the potential circularity of this age as both an independent variable and as one of the ages defining the interval between onset and management. The second model confirmed the independent contribution of samples with a chronology method (Z ¼ 3.34, P ¼ 0.001), used first diagnosis to indicate initiation of management (Z ¼ 3.87, P ¼ 0.0001), had fewer BD I patients (Z ¼ 2.97, P ¼ 0.003), and were from more recent studies (Z ¼ 2.59, P ¼ 0.01) and explained 41% of the observed between-study variance.
Discussion
BD is a chronic and often debilitating psychiatric illness. Despite the availability of effective treatments, the delay between the onset and the initial management of BD is often very long, during which many patients experience distressing and disruptive symptoms. We calculated a pooled estimate of that interval, and examined aspects of the methodology of the included studies influencing the reported interval.
Our main finding was a pooled interval of almost 6 years between the onset of BD and its initial management. The marked between study variation in this interval was partly explained by the way in which onset was defined, how the chronology of onset was assessed, the average AOO, the proportion of patients with BD I, and when the study was published. A recent study 38 found distinctive patterns of unfavorable illness characteristics related to the AOO comparing male and female subjects with bipolar disorder; however, in our study, gender did not significantly contribute to the variation of the interval between onset and initial management.
Our finding that the interval between onset and management was longer in studies that defined onset using the age at first episode, rather than the onset of symptoms, was surprising, because logically, the emergence of symptoms precedes the development of a full syndrome. A possible explanation is that the primary researchers sometimes defined the onset of BD symptoms by the onset of manic symptoms occurring in an initial manic episode, which emerged later than symptoms of depression. Moreover, clinicians may not recognize that an episode of depression is part of bipolar disorder. 39 We also found that studies that used the age at diagnosis as the indicator of initial management had a longer interval than studies that used the onset of treatment or hospitalization. Although the multiple meta-regression suggested that the definition of the age of management was not independently associated with between-sample heterogeneity, the unadjusted result suggests that psychiatric treatment, including hospitalization, might precede diagnosis in BD. This can be readily understood in those patients who were admitted to the hospital for treatment of depression before the first manic episode. One recent study that examined subsyndromal manic symptoms in young people prior to the first manic episode found that almost all of the subjects had a gradual onset, with symptoms present for nearly a year. 40 Only 20% of patients with BD who are experiencing a depressive episode are correctly diagnosed within the first year of seeking treatment, 41 and clinicians are often unable to distinguish BD type I or II from unipolar depression. 42 The use of identified methods such as the life chart method to independently establish chronology has predicted a greater interval between onset and management. This suggests that taking a more detailed history might identify an earlier AOO than a cross-sectional clinical interview; indeed, the life chart method has proven to be effective in detecting early signs and symptoms of BD both prospectively and retrospectively and may allow earlier diagnosis and treatment in some cases. 43, 44 Samples that had fewer BD I patients also reported a longer interval between onset and management. A possible explanation is that hypomanic episodes are frequently missed by clinicians, who may either fail to recognize the clinical presentation in a cross-sectional assessment or attribute it to other conditions 18, 45 such as personality disorder.
We found that studies with an earlier AOO of BD had a longer interval between onset and management. Although this might be a circular finding, in that a longer interval must 
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The Canadian Journal of Psychiatry 62 (4) be associated with either an earlier AOO or a later age at management, it might also be that signs and symptoms of BD are harder to detect among younger people, particularly adolescents. Our finding that a longer interval was not associated with a later mean age of initial management supports the latter interpretation, confirming the results in several other studies. 19, [46] [47] [48] In the National Comorbidity Survey Replication, a large survey of the prevalence and correlates of mental disorders in the United States, Wang and colleagues 48 found that early onset disorders are consistently associated with longer delays in initial treatment. This may reflect the complexity of the clinical presentation of early onset cases and also the reluctance of clinicians to make a potentially stigmatizing diagnosis and recommending long-term care in young people. 49 More recently published studies also reported a longer interval, which might be because contemporary researchers have greater awareness of the early AOO of other psychiatric disorders, from early intervention research in other conditions.
Clinical Implications
The main clinical implication is that even in research centres, there is an unacceptably long interval between the emergence of symptoms and the identification and treatment of bipolar disorder. The findings of this study identify an opportunity for intervention in the early stages of illness, 50 which may in turn postpone or prevent the progression of BD. Currently, there are no biomarkers, such as genetic tests, brain imaging, or inflammatory markers, to help match nonspecific clinical presentations to the probability of developing the full syndrome of BD. However, recent clinical research to develop a staging model of BD that takes into consideration not only the history of the disorder, but also the heterogeneous manifestation of the condition, may improve our ability to detect BD earlier and also help develop guidelines for early intervention, including stage of illness-specific interventions. 51, 52 Some authors are already using the term duration of untreated bipolar disorder (DUB), defined as the interval between AOO of BD and age at first treatment with moodstabilizing medication. 18, 53 Most of the published research on DUP refers to schizophreniform psychosis, and many DUP studies specifically exclude affective disorders, even those with psychotic symptoms. 18 A recent meta-analysis 3 of factors influencing DUP found that the mean DUP of the subgroup of patients with affective psychosis was about 4 months, far shorter than for nonaffective psychosis, which suggests that once the full syndrome of mania emerges, the delay in receiving diagnosis and treatment is comparatively short. Further research to identify factors associated with DUB could also help define the stages of illness.
The very long period between onset and management raises questions about the barriers to care for BD. From a patient perspective, there is often a lack of awareness of illness and a lack of willingness to commit to long-term prophylactic treatment of what is often a stigmatizing condition. There are also clinician-level barriers in the form of missed diagnosis from failing to adequately consider longitudinal or corroborative information and the reluctance of some clinicians to commit to a diagnosis and treatment of a chronic condition. There can also be service-level barriers to care when early symptoms are not especially disabling or life threatening and when patients have multiple presentations to uncoordinated services or to nonspecialist services. Another important implication of these findings is the clear need for more reliable methods of diagnosing BD during the early stages of the illness, including the use of a chronological assessment method such as the life chart method in clinical settings.
Limitations
This study has a number of limitations. The first limitation is that, from a very much larger number of studies initially selected, we were only able to include 27 studies from which we could make inferences about the interval between onset and management. Moreover, there was some evidence of publication bias among the studies we did locate, suggesting that if a larger number had reported the interval between onset and management, we might have found a shorter interval. Furthermore, the studies we examined were all retrospective, which are often hampered by recall bias and because researchers often have to rely only on the information given by the patients, without any corroborative information. The included studies were also from a limited number of mostly high-income countries and might not be representative of the global population of patients with BD.
A further limitation stems from the inclusive approach we took to the definitions of onset and the initiation of management. Some more recent studies attempted to establish the DUB, but future studies could be even more specific, for example, by reporting the interval between the onset of a manic syndrome and the initiation of treatment with moodstabilizing medication. 12 However, an analysis of the AOO of manic symptoms was not possible with the data currently available. In fact, for a large number of studies, it was not possible to determine whether ''mood symptoms'' (or even ''mood episode'') was referring to manic/hypomanic or depressive symptoms (or episode), and for this reason, it was not possible to evaluate the differences related to the polarity and understand the role of initial depression in defining AOO and delay to diagnosis. More detailed information about the type of symptoms would allow more detailed analyses in future studies. Moreover, the studies selected for this metaanalysis employed different sources of information to determine AOO (12 studies used conducted interviews or administered questionnaires with the patients and/or with caregivers, 9 studies underwent a chart review or an analysis of clinical records, 8 studies used more than 1 method, and 12 studies did not specify how they determined the AOO). A more consistent and structured method to determine the onset of the disorder is therefore needed to obtain more precise results.
Finally, our study did not attempt to consider whether the long interval between onset and management that we found was mainly a result of the usual course of BD, with the onset of mood symptoms long before a potentially diagnosable BD syndrome, or was due to a real delay in treatment after the diagnosis of BD could have been made. This distinction is of practical importance because if the interval is mainly a delay between the onset of some symptoms and the disorder, then the focus of future research might be on identifying patterns of symptoms conferring a higher risk of subsequent mania, rather than on barriers to care once the syndrome is evident.
Conclusions
Meta-analysis of the available studies identified an interval of almost 6 years between the emergence of symptoms or episodes of BD and the initiation of any form of management. The very long delay between onset and treatment can have serious implications for patients, many of whom experience distress and face adverse consequences from erratic behavior arising from a potentially treatable condition. The identified interval presents an opportunity for earlier intervention through improved patient education, clinician training, and service delivery that might improve the outcome of the illness. The meta-analysis also identified significant methodological problems in the primary research, and the use of more consistent definitions in future research could allow a more accurate understanding of both the reasons for treatment delay and the nature of the illness itself. Future research should also focus on identifying features at onset that can predict a subsequent diagnosis and an unfavourable course of illness such as childhood maltreatment, 54 which are essential for earlier identification and treatment. In the meantime, we hope the results of this meta-analysis will be considered 'an approximate answer to the right question, which is often vague, than an exact answer to the wrong question' (with apologies to the American statistician John Tukey).
